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1.0 SUMMARY OF ACCOMPLISHMENTS 


Hydraulic Research and Manufacturing Company was awarded 
contract No. NAS 8-30893 on June 3, 1974, to design, develop, 
fabricate, test and deliver five load fixture assemblies for 
laboratory system testing of the Five Space Shuttle Main Engine 
(SSME) Propellant Valve Actuators. In addition, HR & M Co. 
agreed to deliver a preburner valve actuator (PVA) that was 
referred to in the contract as "an alignment fixture to permit 
precise adjustment of the load simulator mechanical interface." 

The five dynamic load simulators are designed to simulate the 
loads reflected into the SSME Hydraulic Actuators by the Chamber 
Coolant Valve (CCV) , the Fuel Preburner Oxidizer Valve (FPOV) , 
the Oxidizer Preburner Oxidizer Valve (OPOV), the Main Oxidizer 
Valve (MOV) and the Main Fuel Valve (MFV). And they are similar 
to the actual load fixtures used for acceptance testing of the 
SSME Hydraulic Actuators . 

Late in October, 1974, HR 6t M Co. completed mechanical 
drawings of the Load Simulators and forwarded them to NASA- 
MSFC for design review and approval. Comments and design 
approval were received from NASA-MSFC in the middle of 
November, 1974 and the next four weeks saw design and fabri- 
cation proceeding at a pace consistent with the scheduled 
delivery date of March 3, 1975. 

However, In the middle of December, 1974, Hydraulic Research 
& Mfg. Co. suffered a labor dispute and all work was stopped 
for the duration of the dispute. Supplemental agreement No. 2, 
executed March 3, 1975, extended the contract delivery date 
to July 3, 1975. 

After settlement of the labor dispute, HR & M Co. continued 
fabrication of the five load simulators and an elec:tronic load 
system that, v'ith inputs of valve differential pressure (AP(^)) 
and valve inlet pressure (P(t))» supplied by NASA, would 
accurately simulate the loads reflected into each SSME Hydraulic 
Actuator by its respective valve. 

During the period of June 9 through June 13, 1975, Mr. John 
Glaznei of NASA witnessed acceptance tests of the five load 
simulators in the Engineer Development Lab at HR & M Co. and 
conditionally accept J them on June 13, 1975, subject to an 
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acceptable system functional demonstration in the Hydraulic 
Simulation Laboratory at Marshall Space Flight Center. 


The Five Load Simulators and the Electronic Load System 
together with the PVA alignment fixture were shipped air freight 
to NASA-MSFC on June 20, 1975. 

2.0 DESIGN AND FUNCTIONAL DESCRIPTION 

2 . 1 General 

The design and function of the five load simulators is the same 
as that of the SSME-HAS Load Fixxures used for acceptance 
testing of the SSME Hydraulic Actuators at HR & M Co. A 
complete functional and operational description of the Load 
Fixtures is presented in the operation manual (HR No. 79700012). 

2 .2 Mechanical 

Each of the load fixtures simulates flow torque by applying 
hydraulic pressure through a three-stage servovalve to a 
push-push piston-crankshaft assembly. 

Reference Drawing No. T34000280-1-61 and T34000290-1-68. 

2.3 Electronics 

The electronic control circuits are divided into two sections . 

One, the servoamplifier which multiplies the flow torque command 
from the NOVA 1210 computer with the £iP(t) valve from NASA and 
sums this valve with crankshaft linkage multiplied by feedback ^P. 

Two, the friction scaling amplifier solves the friction equation 
and sums that value with the P/^) and ^P(t) values supplied by 
NASA. 

The servoamplifier and friction scaling amplifier signals are 
summed together to apply the proper drive signal to the servovalve . 

3.0 DOCUMENTS AND DRAWINGS 


A complete set of detailed drawings have been submitted in com- 
pliance with the Data Requirements List No. 433. 
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CALCULATIONS 

Load Fixture Control Transform 


The control transform uses known parameters to determine the 
servovalve pressure drop corresponding to the required torque . 
The control transform is used (via computer) to set this servo- 
valve pressure drop during actuator testing. The load fixture 
provides a shaft torque for a specific shaft angle. A schematic 
of the load fixture showing pertinent geometric parameters is 
shown in Figure 1 . 

Three equations which, when combines, will yield shaft torque 
are: 

1) T » PiLjAj - P 2 L 2 A 2 * (PiLj - P2L2)A 
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where T = shaft torque (in-lb) 

Pj = pressure In chamber#! (psi) 

?2 = pressure In chamber #2 (psi) 

Lj = effective lever arm #1 (in) 

L2 = effective lever arm #2 (in) 

Ai*=A 2=A = cylinder bore cross-sectional area (in^) 

2. = Pi - P 2 

where AP = pressure difference between chambers 
#1 and #2 

3 . Ps - PR = Pi + P2 

where P3 = servovalve supply pressure 

Pr = servovalve return pressure 

Combining equations 2 and 3 

4. Pi = AP + Ps - Pr 

2 

5. P, = PS “ Pr • P 

^ ?. 

Combining equations 4 and 5 with 1 

S. AP- 

Thus when required torque (T) , cylinder bore area (A) , load 
fixture servovalve pressure drop (P3 - Pr) and effective lever 
arm lengths (Li and L2) are known the required differential 
between cham*:^rs #1 and #2 can be determined. 

As may be noted in Figure 1 , the etfective lever arm length varies 
with shaft angle . The program which calculates the effective 
lever arm versus shaft angle is presented.. Figure 2 , and a plot 


4 




10 OM ouv. n/u) 


r 

! 


J 


i 


1 



HYDRAULIC RESEARCH 

•nd MANUdACTURINO COMPANY . ? ■ 


REPORT NO. 

HR 73900022 

tfxiron 

35300 WIST ITI CANTON lOAO * VAlINClA, CAUTOtNIA fl3S5 tPfMY 

REV. 

PAGE NO. 

6 


rNONI (1051 350-40)0 • TWX «I0.)3A-I43« • TflfX 45.l4f3 


PART NO. 






of load fixture effective lever arm versus shaft angle is 
presented in Figure 3. 

For computer use it is advantageous for the curve si own in 
Figure 3 to be an equation. A program was written which 
utilizes software provided by the time-share vendor (General 
Electric Information Services) to generate the constant coefficients 
of the polynomial.* The program generates the constant co- 
efficients (A^) for the equation: 
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1 = 1 


4.2 Friction Torque Calculations 

The friction torque (in-lb) was detennined by the following 
equations: 

Chamber Coolant Valve (CCV) 
f(t) = 35.6 + .01 AP(t) *047 

Fuel Preburner Oxidizer Valve (FPOV) 
f(t) = 42.5 + • 01 AP(t) + .047 P(t) 

Oxidizer Preburner Oxidizer Valve (OPOV) 
f(^j = 42.5 + .01 AP(t) + .047 P(^) 

Main Oxidizer Valve (MOV) 

f^t) * 111.4 + .01 AP(t) + .047 P(^j 

Main Fuel Valve (MFV) 

f(t) » 111.4 + .01 ^lP(t) + .047 P(t) 

Where 4^P(t) (lb/in2) is the pressure differential across the 
engine valve and P(t) (Ib/in^) is the hydraulic pressure it the 
inlet to the valve . 

4.3 Flow Torque Calculations 

The flow torque (in/lb) was defined by the following general 
equations: 

*Least-8quares or min-max tit of a linear curve. 
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= Kce[G Aee VAP(t)] ^ 

Where Kc0 is the torque coefficient; tabulated values are 
presented in Table 1 of Attachment I. 

Ae0 is the effective valve area defined by the curves in 
Figures 1, 2, 3, 4 and 5 of Attachment I. 

^ is the fluid density and is 4.6 Ib/ft^ for h*Uum and 71.U 
Ib/ft'^ for oxygen. 

djj Is the valve hole diameter and is as follows: 

CCV =1.6 in. 

FPOV = OPOV = 1.1 in. 

MOV = MFV = 2.5 In. 

G, the orifice coefficient is as follows: 


Gccv ** 1.44 
^fpov “ 5 . 80 
^opov * 8-1® 

®mov “ 5.64 
®mfv • ^‘52 

^P^() and P(^) are the same as in paragraph ^..2 . 

5.0 STATEMENT OF CONFORM.\NCE 

The acceptance tests performed at HR & M Co. June 9 through 
June 13, 1975 and witnessed oy Mr. John Glazner of NASA-MSFC 
satisfactorily determined that the Dynamic Load Simulators/Load 
Control System has the capability to verify the propellant control 
system performance. Further, .he SSME-HAS simulators will 
verify minimum and maximum engine thrust level loads at> well as 
engine start, stop and etnergency shutdown transients leads. 

See Attachment II. 
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Figure 1 Load Fixture Schematic 
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90 REAL LEFF, L,. M, LI, L2 
100 DIMENSION Y (40) 
no TP = 1. 

115 4 FORMAT (V) 

120 PRINT, "D,M,E'’ 

130 INPUT, D,M,E 

140 Ll=M-D*COS (4S./57.3) 

150 L2=S0RT(E**2-L1**2) 

160 L=L2-D*SIN(45./57.3) 

170 PRINT, "L=",L 

180 S=L2+D*SIN(45./S7.3)-L 

190 PRINT, 

200 CGO=(D**2+L**2+M**2-E**2)/(2 .*D*SQRT(L**2+M**2)) 

210 SGO=SQRT(l.-CGO**2) * ! 

220 GAMO=ATAN2(SGO,CGO) 

230 DX=5/40. 

240 DO 1 1=1,42 
250 XP=XP+DX 
260 IF(I.EQ.l) XP=0. 

270 IF(I.EQ.42) XP=S 

.280 CG=(D**2+(L+XP)**2+M**2-E**2)/(2.*D*SQRT((L+XP)**2.+M**2)) 
290 SG=SQRT(1.-CG**2) 

300 GAM=ATAN2(SG,CG) 

310 BEO=ATAN(M/L) 

320 BE=ATAN(M/(L+XP)) 

330 PI=3. 14159 
340 AO=PI-GAMO-BEO 
'350 A=PI-GAM-BE 
360 THETA=(A-AO)&57.3 
370 TD=(D*SIN(A)-M)/(D*COS(A)+L+YP) 

380’ FX=TP/(I>SIN(A)-D*TD*COS(A)) 

" 390 LEFF=TP/FX 

395 WRITE C'LDCURV", 4 )LEFF, THETA 

400 PRINT, "L EFFECTIVES ",LEFF,“ ", ’'THETA=" , THETA, •*XP=",XP 
402 1 CONTINUE 
410 STOP, -END 


Figure 2 Program to Determine Effective Torque Arm 




.Note: 1) Crank shown In 45® position 

2) Piston Diameter 1.5 Inch 

3) This curve for arm of 

piston #2 only 
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Figure. 1 
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